We have recently found a novel functional unit of cellcell adhesion at cadherin-based adherens junctions, consisting of at least nectin, an immunoglobulin-like cell adhesion molecule, and afadin, an actin ®lament-binding protein which connects nectin to the actin cytoskeleton. Among the members of the nectin family, we have found here that nectin-2d is tyrosine-phosphorylated in response to cell-cell adhesion. Expression of E-cadherin induced tyrosine phosphorylation of nectin-2d, while disruption of cell-cell adhesion by an anti-E-cadherin antibody reduced the tyrosine phosphorylation of nectin-2d. An inhibitor speci®c for Src family kinase or expression of Csk reduced tyrosine phosphorylation of nectin-2d. In addition, Src kinase tyrosine phosphorylates the recombinant cytoplasmic region of nectin-2d in vitro. The major tyrosine phosphorylation site of nectin-2d was Tyr 505 in the cytoplasmic region, because the mutant nectin-2d, of which Tyr 505 was replaced by Phe, showed a loss of tyrosine phosphorylation in vivo and in vitro. These results, together with our recent observations, indicate that the cadherin-catenin system and the nectinafadin system are closely connected to each other. The cadherin-mediated cell-cell adhesion system may link to the activation of a Src family kinase, that is, at least in part, responsible for the tyrosine phosphorylation of the cytoplasmic region of nectin-2d. Oncogene (2000) 19, 4022 ± 4028.
Introduction
The cell junction plays essential roles in various cell functions, including cell adhesion and migration (for reviews, see Takeichi, 1991; Jockusch et al., 1995; Gumbiner, 1996) . The cell junction is classi®ed into two types: cell-cell and cell-matrix junctions. In polarized epithelial cells, the cell-cell junction shows a specialized membrane structure, comprised of tight junctions, adherens junctions (AJs), and desmosomes. AJ plays particularly an important role since the formation of AJs subsequently leads to the formation of other cell junctions. At AJs, cadherin, a Ca 2+ -dependent homophilic cell adhesion molecule (CAM), plays a fundamental role in cell-cell adhesion (for reviews, see Takeichi, 1991 Takeichi, , 1995 Gumbiner, 1996) . Cadherin forms Ca 2+ -dependent homophilic cis dimerization and trans interaction which causes cell-cell adhesion (Shapiro et al., 1995; Tomschy et al., 1996; Pertz et al., 1999) . The cytoplasmic region of cadherin interacts with b-catenin, which in turn interacts with acatenin. a-Catenin interacts directly with actin-®lament (F-actin) . The cadherin-catenin system plays essential roles in the formation and maintenance of cell-cell AJs (for reviews, see Takeichi, 1991 Takeichi, , 1995 Gumbiner, 1996 Gumbiner, , 2000 .
We have recently found a novel functional unit of cell-cell adhesion at cadherin-based AJs (Mandai et al., 1997 Takahashi et al., 1999) . This adhesion unit consists of at least nectin and afadin. Nectin is a Ca 2+ -independent homophilic CAM which belongs to the immunoglobulin superfamily (Morrison and Racaniello, 1992; Lopez et al., 1995 Lopez et al., , 1998 EberleÂ et al., 1995; Aoki et al., 1997; Cocci et al., 1998; Takahashi et al., 1999; Satoh-Horikawa et al., 2000) . Human nectin is identical to the poliovirus receptor-related protein (Morrison and Racaniello, 1992; Lopez et al., 1995 Lopez et al., , 1998 EberleÂ et al., 1995; Aoki et al., 1997) and has recently been identi®ed to be the alphaherpes virus entry mediator Warner et al., 1998) . Nectin constitutes a family consisting of at least nectin-1, -2 and -3. Each member has two or three splicing variants: nectin-1 has two splicing variants, nectin-1a and -1b/HIgR Cocci et al., 1998) ; nectin-2 has also two splicing variants, nectin-2a and -2d Aoki et al., 1997) ; and nectin-3 has three splicing variants, nectin3a, -3b, and -3g . The extracellular regions of splicing variants of each member are identical but their transmembrane regions and cytoplasmic regions are dierent. The cytoplasmic regions of nectin-1a, -2a, -2d, -3a, -3b, but not nectin1b/HIgR and -3g, have a C-terminal conserved motif of four amino acid (aa) residues (E/A-X-Y-V), which interacts with the PDZ domain of afadin, an F-actinbinding protein, and is linked to the actin cytoskeleton through afadin (Mandai et al., 1997; Takahashi et al., 1999) .
The physiological role of nectin family members remains to be clari®ed. However, our recent studies on the role of afadin in cell-cell adhesion using afadin (7/ 7) mice and (7/7) embryonic stem cells have shown that afadin plays a key role in proper organization of AJs and tight junctions (Ikeda et al., 1999) . The interaction of nectin-1a or nectin-2a with afadin is essential for its recruitment to cadherin-based AJs Miyahara et al., 2000) . In addition, the trans interaction of nectin-2a is furthermore necessary for this recruitment to AJs . Thus, evidence is accumulating that the nectin-afadin system plays a key role at cadherin-based AJs. Another line of evidence recently obtained indicates that the nectin-afadin system plays a key role in cell-cell spread of herpes simplex virus 1 (Cocchi et al., 2000; Sakisaka et al., submitted for publication) . In addition, the structural defects in spermatoza of nectin-2 (7/7) mice suggest a role for this protein in organization and reorganization of the cytoskeleton during spermiogenesis (Bouchard et al., 2000) .
Accumulated evidence suggests that tyrosine phosphorylation plays a crucial role in control of cell-cell adhesion and cell-cell adhesion-mediated signalling pathways. In fact, a-, b-and g-catenin and p120 ctn , that all associate with the cytoplasmic region of Ecadherin, are known to be tyrosine-phosphorylated in v-Src-transformed cells (Matsuyoshi et al., 1992; Behrens et al., 1993; Hamaguchi et al., 1993) or in response to epidermal growth factor (EGF) and hepatocyte growth factor (HGF)/scatter factor (SF) (Shibamoto et al., 1994) . The cadherin-catenin system has been shown to form a complex with the EGF receptor or the c-erb-B-2 gene product (Hoschuetzky et al., 1994; Ochiai et al., 1994) . Protein tyrosine phosphatases, such as LAR-PTP, PTPm, and PTP1B-like phosphatase, have also been known to associate with the cadherin-catenin system (Brady-Kalnay et al., 1995; Balsamo et al., 1996; Kypta et al., 1996) . Increased tyrosine phosphorylation of catenins and p120 ctn has been correlated with the decrease of cell adhesion which occurs upon cell transformation or mitogenic growth factor stimulation (Matsuyoshi et al., 1992; Behrens et al., 1993; Hamaguchi et al., 1993; Shibamoto et al., 1994) . In contrast, it has recently been shown that cell-cell adhesion induces tyrosine phosphorylation of these junctional proteins in nontransformed cells (Lampugnani et al., 1997; Calautti et al., 1998) . Therefore, it remains to be determined whether a direct causality exists between tyrosine phosphorylation of cadherin-associated proteins and adhesive phenotypes.
In contrast to the cadherin-catenin system, little is known about the physiological role of tyrosine phosphorylation in the nectin-afadin system. In this study, we have found that cell-cell adhesion induces tyrosine phosphorylation of the cytoplasmic region of one member of the nectin family, nectin-2d, in a cadherin-dependent manner.
Results
Cell-cell adhesion-dependent tyrosine phosphorylation of nectin-2
The mouse mammary tumor cells, MTD-1A cells, were serum-deprived for up to 24 h, after which lysates were prepared and subjected to immunoprecipitation with the anti-nectin-2 monoclonal antibody (mAb). Immunoblot analysis of the resulting immunoprecipitates with the anti-phosphotyrosine mAb PY20 revealed that nectin-2 was tyrosine-phosphorylated ( Figure 1a ). The same ®lter was reprobed with the anti-nectin-2a (data not shown) or the anti-nectin-2d (Figure 1a ) polyclonal antibody to con®rm that similar amounts of nectin-2 were present in each lane. In addition, the treatment of cell with phenylarasine oxide (PAO), a protein tyrosine phosphatase inhibitor (Noguchi et al., 1994) , resulted in a marked increase of the tyrosine phosphorylation of nectin-2 ( Figure 1a ). Since nectin-2 was tyrosinephosphorylated in unstimulated cells, we therefore investigated whether cell-cell adhesion regulates the tyrosine phosphorylation of nectin-2. When the Ca 2+ concentration in the culture medium is switched from 2 mM to 2 mM, the MTD-1A cells gradually detach from each other as reported in MDCK cells (Kartenbeck et al., 1991; Kamei et al., 1999) (data not shown). The tyrosine phosphorylation of nectin-2 was markedly decreased at 4 h after Ca 2+ switch from the normal to the low concentration ( Figure 1b ). After the MTD-1A cells were incubated with the low concentration of Ca 2+ for 4 h, the concentration of Ca 2+ in the medium was increased to 2 mM. The dissociated cells then gradually formed cell-cell adhesion (data not shown), which was accompanied by the tyrosine phosphorylation of nectin-2 ( Figure 1b) . In addition to MTD-1A cells, we also observed the tyrosine phosphorylation of nectin-2 in serum-deprived mouse keratinocyte 308R (Figure 2) . Stimulation of 308R cells with HGF/ SF caused spreading of the cells as described previously (Takaishi et al., 1994) , and the tyrosine phosphorylation of nectin-2 was markedly decreased at 12 h after HGF/SF stimulation ( Figure 2 ). These results suggest that cell-cell adhesion induces the tyrosine phosphorylation of nectin-2.
Involvement of E-cadherin and a Src family kinase in cellcell adhesion-dependent tyrosine phosphorylation of nectin-2d
Cadherin, that serves as an adhesion molecule interacting directly with each other at the extracellular region, plays an essential role in maintaining cell-cell adhesion of various cell types (for reviews, see Takeichi, 1991 Takeichi, , 1995 Gumbiner, 1996) . When the Ca 2+ switch from the low concentration to the normal was performed in the presence of the anti-E-cadherin mAb, that blocks the adhesion activity of E-cadherin, no recovery of cell-cell adhesion resulted in a loss of the tyrosine phosphorylation of nectin-2 in MTD-1A cells (Figure 3a ). In addition, only weak tyrosine phosphorylation of nectin-2 was observed in L cells that did not express E-cadherin, while it was evident in EL cells, that expressed human E-cadherin (Nagafuchi et al., 1987) (Figure 3b ). Thus, E-cadherin may mediate the cell-cell adhesion-dependent tyrosine phosphorylation of nectin-2.
To further investigate the mechanism by which cellcell adhesion induces the tyrosine phosphorylation of nectin-2, we next examined the eect of PP1, a speci®c inhibitor for Src family kinases (Daub et al., 1997) . PP1 markedly decreased the tyrosine phosphorylation of nectin-2, in the presence or absence of PAO ( Figure  4a ). We also examined the eect of overexpression of the wild-type Csk (Csk-WT) or a kinase-inactive mutant of Csk (Csk-K/R) on the tyrosine phosphorylation of nectin-2 in COS7 cells. Csk is a Src-like tyrosine kinase that inhibits the activity of Src family kinases by catalyzing the phosphorylation of a Cterminal tyrosine residue . In addition, Csk-K/R, in which Lys 222 of the wild-type Csk is changed to Arg, has been shown to function as a dominant negative mutant of Csk (Noguchi et al., 1999) . The FLAG-tagged nectin-2d cDNA was transfected with either Csk-WT cDNA or Csk-K/R cDNA into COS7 cells. The extent of tyrosine phosphorylation of nectin-2d was weak but detectable when nectin-2d cDNA with the SRa vector alone was transfected (Figure 4b ). The expression of Csk-WT reduced the tyrosine phosphorylation of nectin-2d, compared with that observed in control (Figure 4b ). In contrast, the extent of tyrosine phosphorylation of nectin-2d was markedly increased by expression of Csk-K/R, compared with control ( Figure 4b ). Although nectin-2 consists of nectin-2a and -2d, nectin-2a was not tyrosine-phosphorylated in COS7 cells (data not shown). Therefore, these results suggest that a Src family kinase may mediate the cellcell adhesion-dependent tyrosine phosphorylation of nectin-2d.
Tyr
505 as a major tyrosine phosphorylation site of nectin-2d
We next examined whether Src kinase directly tyrosinephosphorylates the recombinant cytoplasmic region of nectin-2d in vitro. Partially puri®ed Src kinase was incubated with either the glutathione S-transferase (GST)-nectin-2d-cytoplasmic region (GST-NT2d-CF) (aa 402 ± 530), the GST-nectin-2a-cytoplasmic region (GST-NT2a-CF) (aa 386 ± 467), or GST. Src kinase tyrosine phosphorylated GST-NT2d-CF, while it did Figure 2 Eect of HGF/SF-induced cell dissociation on the tyrosine phosphorylation of nectin-2. Serum-deprived mouse keratinocyte 308R cells were incubated in the presence or absence of 5 ng/ml of HGF/SF for 12 h. Whole cell lysates were then subjected to immunoprecipitation with the anti-nectin-2 mAb, and the resulting immunoprecipitates were subjected to immunoblot analysis with either HRP-conjugated mAb PY20 to phosphotyrosine (upper panel) or the nectin-2d polyclonal Ab (lower panel)
Figure 3 E-Cadherin-dependent tyrosine phosphorylation of nectin-2. (a) MTD-1A cells were cultured at 2 mM Ca 2+ for 4 h and then further cultured at 2 mM Ca 2+ for 2 h in the presence or absence of 100 mg/ml of the anti-E-cadherin mAb (ECCD1). Whole cell lysates were then subjected to immunoprecipitation with the anti-nectin-2 mAb, and the resulting immunoprecipitates were subjected to immunoblot analysis with either HRPconjugated mAb PY20 to phosphotyrosine (upper panel) or the nectin-2d polyclonal Ab (lower panel). (b) Lysates prepared from serum-deprived L cells and EL cells were subjected to immunoprecipitation with the anti-nectin-2 mAb, followed by immunoblot analysis with either HRP-conjugated mAb PY20 to phosphotyrosine (upper panel) or the nectin-2d polyclonal Ab (lower panel) not GST-NT2a-CF or GST (Figure 5a ). We next investigated the site of tyrosine phosphorylation of the cytoplasmic region of nectin-2d. Two GST fusion proteins, containing either the N-terminal region (GST-NT2d-CN) (aa 402 ± 471) or the C-terminal region (GST-NT2d-CC) (aa 450 ± 530) of nectin-2d were expressed and puri®ed. Src kinase tyrosine phosphorylated GST-NT2d-CC but not GST-NT2d-CN (Figure 5a ) in the C-terminal cytoplasmic region of nectin-2d represent potential phosphorylation sites. To determine which of these tyrosine residues are phosphorylated, we also generated a GST fusion protein containing a mutant cytoplasmic region of nectin-2d (GST-NT2d-Y505F), in which Tyr 505 was replaced by Phe. This mutation completely abolished the tyrosine phosphorylation of GST-NT2d by Src kinase (Figure 5a ). We also generated a mutant nectin2d cDNA in which Tyr 505 was replaced by Phe (nectin2d-Y505F) and transfected into COS7 cells. The extent of tyrosine phosphorylation of nectin-2d-Y505F was markedly reduced, compared with that of the wild-type nectin-2d (Figure 5b ). These results indicate that the major tyrosine phosphorylation site of nectin-2d in response to cell-cell adhesion is Tyr 505 in its cytoplasmic region.
Discussion
In the present study, we have demonstrated that cellcell adhesion induces the tyrosine phosphorylation of the cytoplasmic region of one member of the nectin family, nectin-2d, in cultured epithelial cells. The extent of tyrosine phosphorylation of nectin-2d was markedly increased in EL cells, compared with that observed in L cells, while the anti-E-cadherin mAb markedly reduced the tyrosine phosphorylation of nectin-2d in MTD-1A cells. Thus, cell-cell adhesion induces the tyrosine phosphorylation of nectin-2d, at least in part, in an E-cadherin-dependent manner. Several proteins, such as b-catenin, g-catenin, p120 ctn , that are all located at AJs, have also been shown to be tyrosine-phosphorylated (Matsuyoshi et al., 1992; Behrens et al., 1993; Hamaguchi et al., 1993) , although the mechanism underlying their tyrosine phosphorylation has not been fully understood. Thus, nectin-2d might be a new member of a group of proteins that are localized at AJs and undergo tyrosine phosphorylation in response to cell-cell adhesion. cells were co-transfected with pCMV-Flag-nectin-2d wild-type together with either pSRa alone (vector), pSRa-Csk wild-type (Csk-WT), or pSRa-Csk-K/R (Csk-K/R). At 48 h after the transfection, the transfected COS7 cells were subjected to immunoprecipitation with the anti-Flag mAb, followed by immunoblot analysis with either HRP-conjugated mAb PY20 to phosphotyrosine (upper panel) or the nectin-2d polyclonal Ab (lower panel) Figure 5 Tyr 505 as a major tyrosine phosphorylation site for nectin-2d. (a) Various GST-fusion proteins, containing either the full-length cytoplasmic domain of nectin-2d (GST-NT2d-CF), the N-terminal portion of cytoplasmic region of nectin-2d (GSTNT2d-CN), the C-terminal portion of cytoplasmic region of nectin-2d (GST-NT2d-CC), the full-length cytoplasmic region of nectin-2a (GST-NT2a-CF), the full-length cytoplasmic domain of nectin-2d with mutation at Tyr 505 to Phe (GST-NT2d-Y505F), and GST were generated and puri®ed by using glutathioneSepharose beads. Each GST fusion protein (*0.1 mg), which was immobilized on glutathione-Sepharose beads, were incubated with partially puri®ed Src kinase. After each phosphorylation reaction, the samples were subjected to immunoblotting with HRPconjugated mAb PY20 to phosphotyrosine. (b) COS7 cells were transfected with pCMV-Flag-nectin-2d wild-type (WT) or pCMVFlag-nectin-2d-Y505F (Y505F). The transfected COS7 cells were then incubated with or without 25 mM PAO for 5 min and the lysates were subjected to immunoprecipitation with the anti-Flag mAb, followed by immunoblot analysis with either HRPconjugated mAb PY20 to phosphotyrosine (upper panel) or the nectin-2d polyclonal Ab (lower panel)
We have also explored the mechanism by which cellcell adhesion stimulates the tyrosine phosphorylation of nectin-2d. Either PP1, a speci®c inhibitor for Src family kinases, or expression of the wild-type Csk reduced the tyrosine phosphorylation of nectin-2d, while expression of a kinase inactive mutant of Csk increased its response. These data suggest that a Src family kinase, at least in part, contributes to the tyrosine phosphorylation of nectin-2d in response to cell-cell adhesion. In fact, Src family kinases have been found at AJs (Tsukita et al., 1991) . In addition, tyrosine phosphorylation of AJ proteins, such as bcatenin, g-catenin, and p120 ctn , has been shown to markedly increase in response to cell-cell adhesion of mouse keratynocytes (Calautti et al., 1998) . In contrast, in fyn-de®cient keratinocytes, the tyrosine phosphorylation of these AJ proteins have been shown to be markedly decreased and structural and functional abnormalities at cell-cell adhesions similar to those caused by tyrosine kinase inhibitors have been observed (Calautti et al., 1998) . Thus, Src family kinases may generally contribute to regulate the tyrosine phosphorylation of AJ proteins in response to cell-cell adhesion.
It remains unknown how E-cadherin-mediated cellcell adhesion induces the activation of a Src family kinase and subsequent tyrosine phosphorylation of nectin-2d. However, our recent observations suggest that the nectin-afadin system and the cadherin-catenin system are colocalized through their intracellular components, at least afadin Miyahara et al., 2000) and a-catenin (Tachibana et al., submitted for publication). Furthermore, we have recently shown that the nectin-afadin and cadherincatenin systems cooperatively organize cell-cell AJs (Ikeda et al., 1999 ; Tachibana et al., submitted for publication). Thus, the present study provides another line of evidence indicating that these two adhesion systems are functionally connected to each other.
The cytoplasmic region of nectin-2d contains several tyrosine residues which might serve as a phosphorylation site. Among them, we have found that Tyr 505 is a major phosphorylation site of nectin-2d. The amino acid sequence surrounding Tyr 505 of nectin-2d represents NPXpYXXL motif (pY, phosphorylated tyrosine). The NPXpY motif sequence has been shown to bind to the phosphotyrosine binding (PTB) domain of several docking proteins, such as IRS family proteins and Shc (Wolf et al., 1995; Eck et al., 1996) . In addition, in vitro binding studies with a phosphotyrosyl peptide library have suggested that the Src homology-2 (SH2) domains of signaling proteins, such as phospholipase Cg, SHP-2, and Shc, bind to phosphopeptides that contain the sequence motif pYXXL (Songyang et al., 1993) . Thus, it is possible that a PTB domain-or SH2 domain-containing signaling molecule may bind to the NPXpY or pYXXL motif in the cytoplasmic region of nectin-2d in response to cell-cell adhesion. Our preliminary results indicate that nectin-2d does not form a complex with any known signal molecules, such as IRS-1, Shc, SHP-2, and PLCg. Identi®cation of this putative binding protein is crucial to understand the physiological role of the tyrosine phosphorylation of nectin-2d.
Although nectin-2 consists of nectin-2a and -2d, only nectin-2d, but not nectin-2a, was tyrosine-phosphorylated in response to cell-cell adhesion. In addition, nectin-1 did not undergo tyrosine phosphorylation (data not shown). However, it is possible that nectin family proteins other than nectin-2d associate with proteins, which undergo tyrosine phosphorylation and are coupled to the downstream signaling pathway. It is also possible that the tyrosine phosphorylation of nectin-2d might aect the function of the nectin-afadin system. However, both the wild-type nectin-2d and the mutant Y505F were similarly localized at cell-cell adhesion sites (data not shown) when both were exogenously expressed in MDCK cells, suggesting that the tyrosine phosphorylation may not regulate junctional localization of nectin-2d. In contrast, the tyrosine phosphorylation of nectin-2d may regulate the homophilic cis or trans interaction of nectin-2d. Alternatively, the tyrosine phosphorylation of nectin-2d may regulate the complex formation of nectin-2d with its associated proteins including afadin. Further eorts are clearly necessary to clarify these issues.
Materials and methods

Antibodies
A rat anti-mouse nectin-2 mAb that reacts well with mouse nectin-2a and nectin-2d and a rabbit polyclonal Ab speci®c for nectin-2d were generated as described . A rat anti-E-cadherin mAb (ECCD1) was obtained from TAKARA Shuzo Inc. A mouse anti-FLAG mAb (M2) was from Eastman Kodak Co. A horseradish peroxidase (HRP)-conjugated mAb PY20 to phosphotyrosine was obtained from Santa Cruz Biotech.
Construction of expression vectors
Full-length mouse nectin-2d cDNA was inserted into pFLAG-CMV1 (Eastman Kodak Co.) which contained the preprotrypsin-signal peptide and the FLAG epitope as described previously . The point mutation into the wild-type nectin-2d cDNA was generated by a site-directed mutagenesis as described previously (Noguchi et al., 1999) . Various constructs encode GSTnectin-2d proteins containing the following aa: pGEX2T-the full-length cytoplasmic domain of nectin-2d (GST-NT2d-CF) (aa 402 ± 530); pGEX2T-the N-terminal portion of cytoplasmic region of nectin-2d (GST-NT2d-CN) (aa 402 ± 471); pGEX2T-the C-terminal portion of cytoplasmic region of nectin-2d (GST-NT2d-CC) (aa 450 ± 530); and pGEX2T-the full-length cytoplasmic region of nectin-2a (GST-NT2a-CF) (aa 386 ± 467).
Cell culture
Mouse mammary tumor MTD-1A cells, mouse keratinocyte 308R cells, and COS7 cells were maintained at 378C in a humidi®ed atmosphere of 10% CO 2 and 90% air in Dulbecco's modi®ed Eagle's medium (DMEM) containing 10% fetal calf serum (FCS) (GIBCO ± BRL), 100 U/ml of penicillin and 100 mg/ml of streptomycin. L and EL cells were kindly supplied by Drs Sh Tsukita and A Nagafuchi (Kyoto University, Kyoto, Japan). These cells were also maintained in DMEM supplemented with 10% FCS.
For transient transfection experiments, COS7 cells were seeded at a density of 1610 5 cells per dish onto 6 cm dishes and transfected with 1 mg of pSRa vector containing the wildtype rat Csk cDNA or a mutant Csk cDNA, that contained a point mutation, that changed Lys 222 to Arg (Noguchi et al., 1999) , and pFLAG-CMV1-nectin-2d by the use of Lipofect-AMINE and PLUS Reagent (GIBCO ± BRL) at 24 h after seeding. At 48 h after transfection, the cells were harvested and lysed for immunoprecipitation and immunoblot analysis.
Immunoprecipitation and immunoblot analysis
All cultured cells were frozen in liquid nitrogen and then lysed on ice in 1 ml of an ice-cold lysis buer [20 mM TrisHCl (pH 7.6), 140 mM NaCl, 2.6 mM CaCl 2 , 1 mM MgCl 2 , 1% (v/v) Nonidet P-40, and 10% (v/v) glycerol] containing 1 mM phenylmethylsulfonyl¯uoride, 10 mg/ml aprotinin, and 1 mM sodium vanadate. The lysates were centrifuged at 10 000 g at 48C for 15 min and the resulting supernatants were subjected to immunoprecipitation and immunoblot analysis. Brie¯y, the supernatants were incubated at 48C with the anti-nectin-2 mAb bound to protein GSepharose beads (2 mg of antibody per 20 ml of beads) (Amersham-Pharmacia Biotech Ltd.) For 4 h, after which the beads were washed twice with 1 ml of a WG buer [50 mM HEPES-NaOH (pH 7.6), 150 mM NaCl, and 0.1% (v/v) Triton X-100] and resuspended in an SDS sample buer. SDS-polyacrylamide gel electrophoresis and immunoblot analysis with various antibodies were performed by using an ECL detection kit (Amersham-Pharmacia Biotech Ltd.).
Phosphorylation of GST-nectin-2d in vitro GST fusion proteins containing various fragments of the cytoplasmic domain of nectin-2d were generated and puri®ed by using glutathione-Sepharose beads (Amersham-Pharmacia Biotech Ltd.). GST fusion proteins (*0.1 mg), which were immobilized on glutathione-Sepharose beads, were washed twice with a kinase assay buer [50 mM HEPES-NaOH (pH 7.6), 3 mM MnCl 2 , 10 mM MgCl 2 , 1 mM dithiothreitol] and incubated with partially puri®ed Src kinase (UBI) for 30 min at 248C in the kinase assay buer (50 ml) in the absence or presence of 10 mM ATP. After each phosphorylation reaction, the samples were centrifuged at 10 000 g at 48C for 5 min, and the resulting supernatants were mixed with the SDS sample buer, boiled, and subjected to SDS ± PAGE. The extent of tyrosine phosphorylation of GST proteins were analysed by immunoblotting with the anti-phosphotyrosine mAb PY20.
